Purpose: The aim of this study was to evaluate Cyanidin-3-O-β-d-glucopyranoside on improvement and protection for erectile function.
Introduction
Numerous studies have estimated the risk of erectile dysfunction (ED) in men with diabetes, and the most common risk factor for ED has been diabetes mellitus (DM). 1 An Italian study by Fedele et al. 2 in a cohort of approximately 10,000 men, after correcting for age, reported the prevalence of ED to be 51% among individuals with Type 1 diabetes and 37% among those with Type 2 DM. Further, the Massachusetts Male Aging Study noted the prevalence of ED in diabetic men was 50.7 per 1000 population-years vs. 24.8 in those without diabetes. 3 Diabetes harms cavernosal innervation and endothelial function, both of which are important for erectile function, 4, 5 and also decreases nitric oxide production.
Experimental hyperglycaemia has been shown to induce many of the pathological consequences observed in DM. Much of neuronal and endothelial damage has been attributed to oxidative stress, 6 as hyperglycaemia induces the overproduction of superoxide (O 2 − ), serving as an initiating event in the activation of pathways involved in the pathogenesis of the tissue damage from DM. Endothelial damage, resulting from oxidative stress in penile tissues, was found to be a major cause of erectile impairment in diabetic animals. Based on its role in ED, prevention methods aimed at reducing endothelial damage would be a rational strategy against diabetic ED. Mulberries (Morus alba L., Moraceae) have been used in traditional Oriental medicine to treat and prevent diabetes. The root bark of the mulberry tree has long been used in Oriental medicine for anti-inflammatory, diuretic, antitussive, and antipyretic purposes. 7 Berry extracts have been shown to contain high amounts of anthocyanins, a group of naturally occurring phenolic compounds responsible for the berry's color. These extracts are commonly consumed in the diet and are used in some therapeutic applications. 8, 9 Cyanidin-3-O-β-d-glucopyranoside (C3G) isolated from the berry fruit, which is a aglycon of anthocyanin, has been demonstrated to exert free radical scavenging and inflammation suppression activities, and to protect against endothelial dysfunction.
10,11
The aim of the present study was to determine the effects of C3G on erectile responses in diabetic rats, as well as to evaluate its protective effects on erectile function and its ability to reverse an established ED.
Materials and Methods

Preparation of natural pigment with mulberry fruit
C3G concentration materials, which were extracted from mulberry fruit pigment, used in our experiments was supplied by the Rural Development Administration, Suwon, Republic of Korea. Natural pigment was extracted and analyzed by the same methods used in previous study. 
Animal groups and treatment protocol
Thirty-six 12-wk-old male Sprague-Dawley rats were treated under a protocol approved by the Institutional Animal Care and Use Committee (CUMC-2010-0137-02) and handled according to NIH guidelines. Rats were divided equally into three groups (n=12 in each):: control, diabetes (DM), and diabetes with C3G concentration materials treatment (DM＋ C3G). All rats in the DM and DM＋C3G groups received a single intraperitoneal injection of streptozotosin (50 mg/kg). Blood glucose and body weight were monitored weekly and significant diabetes (serum glucose ＞250 mg/dl) was confirmed in all rats within 1 wk. The diabetic serum level was maintained throughout the experiment. Four weeks after the induction of diabetes, rats in the DM＋C3G group were treated with daily oral C3G (10 mg/kg) dissolved in water for 8 weeks. After the 12 weeks, intracavernosal pressure measurement (ICP) was performed, and after ICP measurement, the skin-denuded middle part of the penile shafts was cut and fixed overnight in 10% formalin, washed, and stored in 70% alcohol at 4 o C until processed for paraffin-embedded tissue sectioning (5 μm).
Tissue was stored at −80 o C until processing.
Intracavernosal pressure measurement
Rats were anaesthetized with an intraperitoneal injection of 0.2 ml tiletamine (Zoletil Ⓡ , Virbac, Carros, France). With the rat in the supine position, the penis was dissected and the corpus cavernosum and crus of the penis were exposed. A low, midline abdominal incision was made to access the pelvis, and the pelvic ganglion lateral to the right prostate was exposed. For the measurement of ICP, a heparinized 23 G butterfly needle was inserted in the corpus cavernosum of penile proximal portion after the penile skin was degloved and the corpus cavernosum identified. Then, a bipolar electrical stimulator was placed on the ganglion to stimulate the cavernosal nerve for 50 seconds at 10 V and 2.4 mA for 0.5 ms. The cavernosal nerve stimulation was conducted at least three times and the interval between stimulations was maintained for more than 10 minutes. Both mean arterial pressure (MAP) and ICP were continuously monitored during electrical stimulation. Comparisons were made for ICP/MAP and area under the curve corresponding to the duration of electrical stimulation. After the stimulation test, the 
Terminal deoxynucleotidyl transferase mediated dUTP nick end labeling assay
To assess apoptosis in the corpora tissues, the terminal deoxynucleotidyl transferase mediated dUTP nick end labeling (TUNEL) assay was performed using Apop Tag In Situ Apoptosis Detection Kits (Millipore Co., Billerica, MA, US). Tissue preparation for the detection of apoptotic bodies was done according to the manufacturer's protocol. After the TUNEL assay, testis tissue sections were examined by light microscopy. The number of cells positive for the TUNEL assay was counted and the difference among the groups was assessed. For the count of cells positive for the TUNEL assay, 5 sites were selected randomly from a slide of each group, and the number of cells positive for the TUNEL assay was counted as the average of 5 sites under a light microscope at 400× magnification.
Masson's trichrome staining
After ICP, the skin denuded middle part of the penile shafts were fixed overnight in 10% formalin, washed, and stored in 70% alcohol at 4 o C until processed for paraffin-embedded tissue sectioning (5 μm). The cavernosal tissue was obtained for the Masson's trichrome staining. After staining, the color distribution of the muscle tissue was approximated by using the Adobe Photoshop CS 8.0. After the entire color distribution of the image was calculated, we selected the muscle tissue distribution, expressed as the color red. There were somewhat standard deviations in our calculation because of color overlays and ambiguity of the color spectrum of the muscle tissues. Table 1 describes changes in body weight and blood glucose levels of the three groups. During the experiment, the serum glucose levels of the two DM groups were maintained and showed no significant difference. With respect to the body weight of DM groups, it was significantly decreased compared with the control group.
Results
General features of diabetes
In vivo assessment of erectile function
Peak ICP and ICP/MAP ratios decreased in the DM group compared with the control group and significantly improved in the C3G treatment group. The control and DM＋C3G groups had statistically similar Peak ICP and ICP/MAP ratios, which were significantly higher than those of the DM group (Table 2) .
Masson's trichrome staining
In comparison with the control group, smooth muscle content of corpora tissues was decreased and collagen deposition was increased in the DM group and smooth muscle content increased and collagen content decreased in the C3G treatment group (Fig. 1) . The muscle/collagen ratio was 27.3±3.0 (control), 10.6±4.6 (DM), 21.8±1.7 (DM＋C3G). A significant decrease in muscle/collagen ratio was shown in the DM group compared with control group, C3G treatment significantly increased muscle/collagen ratio.
TUNEL assay for apoptosis
The mean apoptotic indices±standard deviation of the three groups as detected by the TUNEL assay were 15.3±3.0 (control), 39.6±4.6 (DM), and 21.3±1.7 (DM ＋C3G). The DM group showed a higher mean apoptotic index than that of the control (p＜0.05). Compared with the DM group, significantly fewer cells stained positively in the TUNEL assay in the C3G administration groups (p＜0.05). Representative pictures are shown in Fig. 2 . 
Discussion
The main finding of the present study is that C3G improves erectile function by minimizing corporal apoptosis in a rat model of diabetic ED.
This result on apoptosis in the corporal tissue is in accordance with changes in ICP according to the induction of diabetic ED and C3G treatment. Nitric oxide has been known as the most important neurotransmitter mediating the relaxation of smooth muscle layer present in the corpus cavernosum. 13, 14 Synthesized within the vascular endothelium, NO is an endothelium derived relaxation factor (EDRF), in which nitric oxide synthase (NOS) plays an important role in its metabolism. Nitric oxide exists in three isoforms: neuronal NOS (nNOS), endothelial NOS (eNOS), and inducible NOS (iNOS). Further, it is currently known to be produced by eNOS in the endothelium of the corpus cavernosum and penile artery, and is secreted from nonadrenergic, noncholinergic nerve endings. 15 Therefore, increasing the bioactivity of NO in the corpora is the most effective method to prevent and treat ED. Of the pathophysiology of ED, vasculogenic ED which is caused by the dysfunction of vascular endothelium, and neurogenic impairments are currently known to account for the greatest proportion of cases. Moreover, many recent reports have suggested that apoptosis from oxidative stress damage is the key etiology of vascular and neuronal impairments by DM.
Several reports have shown that neuronal and endothelial NO-dependent cavernosal smooth muscle relaxation is diminished in DM. 16, 17 Experimental hyperglycemia has been demonstrated to induce many of the pathological consequences observed in both Type 1 and Type 2 DM. Much of the tissue damage has stemmed from the effects of oxidative stress caused by excessive production of free radicals such as O 2 − , hydrogen peroxide (H 2 O 2 ), and the hydroxyl radical (OH − ).
Oxygen free radicals in NO-rich tissues tend to combine to form peroxynitrites (O=NOO − ), a highly cytotoxic product of O 2 − and NO radical reactions. 18 High levels of oxidative stress can initiate a cascade of redox reactions, which trigger apoptosis and evoke cytotoxic effects on neurons and endothelial cells, 19 resulting in decreased NO production secondary to downregulation of eNOS and nNOS expression 20 and degeneration of nitrergic nerves. 21 Recent reports suggested that C3G, recognized as a potent antioxidant and free radical scavenger, protects endothelial cells against alterations induced by TNF-α, including the activation of NF-κB, increased gene expression of adhesion molecules, leukocyte adhesion to endothelium, and intracellular accumulation of H 2 O 2 and lipid peroxidation byproducts. 10, 11 In addition, C3G
has also been attributed with neuroprotective effects both in vitro and in vivo ischemic oxidative stress. 22 Based on the results from the current experiment, it is important to observe that C3G protects endothelial and neuronal damage. The current study represents the first to suggest that C3G has a potency to protect against diabetes-induced ED in a rat model. As mentioned above, the key pathophysiology of diabetic ED is the endothelial and neuronal damage. Thus, we hypothesize that minimizing corporal apoptosis by C3G may inhibit the progression of ED.
Diabetic ED involves irreversible changes of corporal tissue, and therefore response to medication decreases. For these reasons, the results of this study are of value given that it is the first to focus on preventing diabetic ED through the use of C3G.
The potential limitations of this study are as follows. First, Streptozotocin-induced diabetes generally reflects a Type 1 diabetes model. Although both Type 1 and Type 2 DM entail hyperglycemia, there are differences in terms of insulin resistance, body mass index, cytokines, and lipid profile between the two types. Of these differences, change in lipid profiles, in particular, a factor that can affect endothelial damage may result in different pathophysiologic mechanisms resulting in ED. Second, There were somewhat standard deviations in Masson's trichrome calculation because of color overlays and ambiguity of the color spectrum of the muscle tissues.
Future work should examine the role of C3G in the treatment of Type 2 diabetes, the predominant form of diabetes. In addition, a composition analysis of natural 132 대한남성과학회지: 제 29 권 제 2 호 2011 fruit pigment, which was used in this experiment, have not been completely done, and therefore the effects of components other than C3G on the results cannot be excluded and remains the subject of future study.
Conclusions
C3G may protect erectile function by minimizing corporal apoptosis.
The current study is the first to suggest that C3G may have a potency to improve and protect erectile function in a rat model of diabetic ED.
